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By Herman H, Ellerbrock, Jr.

INTRODUCTION

At the request of the Bureau of Aeronautics, Navy Department,
4n engine cylinder barrel with aluminum fins was tested (reference
1). 'The teets showed that the thermal bond between the fins and the
aluminum base was very good and that the bond bstween the aluminum
base and the steel barrel was eatisfactory. The tests further showed
that the mechanical bonds 'between the cylinder parts would probably
be satisfactory.

The present report presents the results of teats made on two
more enzine cylinder barrels with aluminum fins. The method of
attaching the fins to the steel for these barrels is similar to
that of the barrel devscribed in reference 1. The two barrels, the
results for wnich are to be presented hereln, were manufactured by a
method to be used in the factery production of large numbers of
engine barrels. The purpose of the tests was to determine the heat-
tranefer coefficients nnd the excellence of the bonds between the
aluminum fins and the aluminum base and between the aluminum dare
and the stesl of the two barrels when mamufactured by a large-volume
production method. The tests were made at the reques:t of the Bureau
of Aeronsutice, Nevy Department.

APPARATUS AND METHCDS

The epparatus and methods used to test the two barrels were
slmilar to those used to test the barrel described in reference 1.
The fin spacing and thickness wore the same on the two barrels re—
ported herein as for the barrel tested in reference 1, but the fin
width was O.438 inch or 1/16 inch greater then that for the first
barrel. One of the barrels is shown in figure 1. Thermocouples
were attached to the steel barrel by the method C of reference 1,
using two plugs for each thermocouple.



RESULTS AND DISCUSSION
Heat-Trangfer Tests

The experimental over-all heat-transfer coefficlients of the
two barrels based on the temperature dlfference Letween the steel
and the cooling air and the tomperature difference between the
aluminum base and the cooling air are shown in figure 2. Onme
barrel shows about & 5 percent better heat tranafer than the other
barrel. No difference in the coefficients could be observed when
either the temperature of the steel or the temperature of the aluminum
base was used for either barrel. This indicates that the bond be-
tween the steel and the aluminum base of both barrels 1s very good.
T™e curves for both barrels were approximately 17 percent higher than
the calculated curve for aluminum fine cast integrally. This dif-
ference 1s greateor than that usually obtained between exporimentel
and calculated results. The tests of one barrel were; therefcre,
repeated and the same result obtained, For very ehort fins, vary
wide fins, or fins close together it h=s been observed that the checle
ing of exmerimentel results with calculated results is more difficult
than with fins of normal proportions. The comparison of the experi-
mental results with the celculated resulie of figure 2 serves the pur-
pose of indicating that the bond between the fins and the aluminum
base ls very good.

Pigure 3 shows the resulis of the tests on the barrel reported
in reforence 1, This barrel had a fin width of 3/8 inch, and com-
parison of the experimental heat—-transfer coefficlents of figure 3
with those of the two barrels of figure 2 shows that adding 1/16 inch
to the fin width increased the coefficlents of the two barrels apwroxi-
mately 20 perccnt. Any addition of wldth to short fins improves the
heat trunsfer appreciably. The difference between the calculated
coefficlents for the O.U438-inch and 0.375~inch fin widths is sporoxi-
metely 15 vercent.

Calculations have been mede of the geln to be expected in heat
tranafer and the decrease in fin welght by using aluminum instead of
steel fins of the proportions of the fins on the two barrels reportoed
herein. The increase in heat transfer is aporoximately 16 percent,
and the decrease in fin weight U4l percent. As noted in reference 1,
an appreclable increase in hoet transfer can be obtained with the
pressure dlfferences availeble for cooling in flight by using a wider
space between the fins than 0,052 inch. Thus, changing the fin spece
of the present barrela from 0,052 to 0.09 inch at a preassure difference
of 4 inchea of water will incremse the heat tronsfer about 16 percent
and decrease the fin welght epproximately 20 percemt.



Physical Tests

One barrel was cut in half and one half was cut in quarters in
order to determine how good the bonds between the steel and the
elumimum base and between the fins and the alumimum base were mechani-
cally. One edge of one of the quarters was polished and etched, and
the result shown in figure 4. The outline of the fins in the aluminum
base shows up about the same as for tho barrel tested in reference 1.
The mechanical bond betweon the fins and the aluminum base wags con-
eldered satisfactory in the case of the barrel of reference 1, so that
it can be concluded that such will be the case for the barrels re—
ported herein.

The steel was then pried loose from the alumimum of the quarter of
the barrel thet was not etched. In the past, a half of a barrel hos
been used for this particular test. The quarter section was used in
the present test because the half section is to be used in tests to
develop an apparatus to determine quickly the thermal bond between the,
steel and aluminum of a large number of theamse barrels. Theo force re~
quired to remove the steel from the aluminum of the quarter section
was much less than for the half sectlons previously used (reference
1), but it is thought that for a complete barrel with the strengthoning
provided by the fins no trouble should be experionced mechanically,

OONCLUSIONS

l. Heat-transfer tests indicate that the thermal bonds betwoeen
the aluminum fins end the aluminum base and between the clumimam broso
and the steel for the two barrels testod are very good.

2, The etching tests indicate that the mechanlcal bond between
the fins and the aluminum base for the two barrels 1s nbout the socme
as for the barrel tested in referonce 1, which wrs consldored santis—
factory,

3. The mechenical bond between the steecl and aluminum base
should be satlsfactory in a complete barrel.

4, The tests indicete thr.t the method of manmufacture to be used
in large~volume production of these barrels should be satisfrctory.



5. The addition of 1/16-inch width to aluminum fins 3/8 inch
wvide incroased the heat~tiransfer coefficient of the test cylinders
20 percent.

langley Memorial Aeronautical Laboratory,
Natlonel Advisory Committee for Aeronnutics,

Langley Field, Va., August 12, 1940.
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~ Cylinder barrel.
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Figure 2. - Comparison of over-al| heat-transfer coefficients of test cylinder
with calculated coefficients. Fin width, 0.438; fin thickness, 0.025; fin

space, 0.052.
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Figure 4. -~ polished and etched section of cylinder showing fin outline.
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